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The LASL Garmrra-Ray Burst +stronomy Program

R. W. Klebesadel, U. D. Evans, J. R. Lamm

Ufiiversity of California, Los Alamos Scientific Laboratory

Los Alamos, New Mexico 87545

Gamna-ray bursts were first reported from observations performed by the

Vela gatel.l~tes (Klebesadel et al., 1973). The. events were Ider)tiried f’rom

the Vela data primarily because of Lhe rapid time variations resolved by the

data recorded by the gamma-ray flux monitors included aboard the Vela

satellites. The Vela 4 satellites, launched in 1967, were responsible for the

tnitial observation or a single remarkable even~. Vcla 5 and Vela fI

satjellitl ‘. launched in lg613 and 1970, acqui,”ed data which provided th~

evidence necessary to estatllsh convincingly the validity mf the observation:;.

The Vela observations allowed iduntifl,ctitlnn of th~so event:; b~.!auso rJr

the uniqun gamma-ray burst m.)nit.oring Instrument employ~d. This system wIn

designed to respond Lo rapidly Increasing count rat,~n in an array or acllI-

tillnt.ion dctrctnrs senslt,lvc to photons (and onrrfl(’t.1~ p:lrt.icl~n) d[’pm::ll.!np

energy in tht’ rar!go 150 t.o ‘/!IO koV or J()(I Lo lIJOO kt*V. T!I(l..P dnt;i wrrl’
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TABLE 1
VELAGAMMABURST CATALOG

Time 5 6 Thue 5 6
Date UT-S ABAB Date UT-S ABAB
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The Vela satellites have recorded 73 gamma-ray burskei in the ten year

interval from April 1969 through April 1979. Table 1 lists the events foP

which the Vela satellites have recorded data. The individual systems have

responded with different efficiencies because of’ variations in sensitivities

and transient instrumental and operational problems. Currentiy, all four of

these systems are still supplying data use%l in the investigations of

gamma-ray bursts.

There existed a capability, through the good time resolution of the Vcli

daLa and moderately large separation between the satellites, for determining

directions to the source~ of the m.>r’e Interlge burs%s (Lnose observed by three

or four of the satellites) (Strong et al., 19’?4). Thes\! data were initially

useful in rcjectlng t.h~ sun and other major ❑embers of the solar system as

sourc~s of th~ bursts. Although dirwttona] resolution is Insufc’icient to

alinw idr?nt.i ~,ic,~t.ton nf spcciric sr.urcr ohject,sf l.he dlnLrlbuticn or thesp

sourws in no:~rly ~sat,roplo, :Iuggest.ing a ncnr gniact,ic population or an

?Jxtcr;l-F,rllnr!’

~irtn Lc.unt’(i

w:I:; r[*:ipOrlx
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These instruments responded to a total of’ nine gamma-ray bursts. Of

these, all were observed by

verification of a candidate

Helios-2, Event 761220 was

at least one Vela, which was a criterion f’f.r

event. Four of the events wee also cbserve~ by

the moat intense event occurring in t.hisr period,

and was observed by both Solrads, three Vela::, and }?lios-2. The event as

recorded by Solrad llB is shown in Fig. 1.

In rclponse to a NASA requeut, LASL proposed a ganma-ray burst monitor to

be included aboard the Pioneer Venus Orbiter spacecraft. The expwlment was

authorized in 1975 and was iaunched in May 1978. The instrument waa placed in

operation one day after launch and has served almost continuously sir~ce that,

time. During the same period we collaborated with UCP/Spncc Science? Labj

providing the logics ar?d memory necessary to utilize the ISEE-3 solar x-r2y

spectrometer as a gamma-ray burst monitor (Anderson et al.., 1978). ISEE-3 was

launched in August 1978, and i: too has been serving nearly cont,lnuously sinr?r

that time.

Bot 1 the Pioneer Venus find ISEE-3 instruments arc in r?urrr?nt op(?rat.1.on

fulfilling their misnion. Another paper presentnd at this svmposium (Evan:: o!-
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sens@r, there la a higher potential for spin “ate ❑ovulation for those sources

located in the southern ecliptic hemisphere.

The ISEE-3 logics provide a capability of storing data In different ❑odes,

depending upon whether a response is determined to be caused by a gankna-ray

burst or an x-rzy burst from a solar flare. This de~ermination is based upon

the speciral dlatrlbution ot the response. In the gamma-ray burst ❑ode of

operation count rate daL,a in the full differe~tlal energy range 132 ~ E < 1259

keV are accumulated +n data sampl~s recorded on a period of 11.7 ms. When the

counting rate rises to a level such that 16 counts are accumulated within less

than the II-7 ❑g bagjc period, the time-to-spill, i.e., the required to

attain this l’jvel of 16 counts (with resolution of @ 1/4 ms) is recorded,

rather than the level of accums~lation. The data sample is prese?ted as a 6

bit number, coded to avoid ambigriity between c~unts accumulated and tlme-to-

‘~Jill. A single set of’ spectral data in six sub-intervals bounded by diacretz

thrc~holds at 13.?, 164, 229, 356, h~h, 740, .lnd 1.250 keV is accumulated with

each YI!L of twelve samplcn in the full cner’gy interval, comprising a data

frm~’. IJhlle op~rat.tnR in th~ m!lnscent st.a!.r, sixtcvn such frames art!

cont:~irled Jn a circulirr mc!mory, ~,rt?scrving dnt.~ representing thf? history of

the doLfwLor responnr in t.hc pr’cc(llng 2.25 second::.

‘1’hl~onset of an ev[:nt, 19 lrlrnl irid an.1 hIgtl-resolution dntn ncquinltlon

1s lnlt,lntml by a IIt,rlggrrl’ system husrd U~JOtl n logJc:~l comp:lrlson of col]ntn
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1s completely filled. The ❑emery aay be read out automatically, upon comple-

tion of’ the data acquisition cycle, or upon command, as a function of a com-

mand selectable option.

The ISEE-3 instrment has iwen in operation since August 1978. In that

time, responses to 11 events were recorded as shown in Table 2 which tabulatr?s

the particlpatian of LASL instrumentation In obaervationg of verified events.

Scne ISEE-3 data were lost because or unscheduled telemetry outages.

Generally, however, the efficiency in recording GRBs ha~ been c~vparable to

that of the Pioneer the Venus experiment.

It was our hope and our Intention that ue would be able to respond to t~,e

occurrence of g mma-ray bursts by providing directional analyses on a short

time scale, alerting astronomers and allowing them to ohs,’rve possible longr:r

lived phenomena associated with the events. Such rapid reporting has becrl

ef”fec~ed from the Vela satellites :Ilone since 1974. However, operational anij

Instrumental problems as well as J low frequency of eventn or lntenslty

observable by available instruments precl~ae! any slgnlficani. real-timo

reporl.lng in that early period. Also, the directional resolution av:lilabl~’

from t.ke Vela data was jnsuff!c~ent, to warrant searche~ w!th hi~h rcsoluLl~m

{and, consequently, mall ~leld) instruments.

Utilizing flaL:l ncquircd throwh full-time! tracking of the lSI?I++ npircP-

craf”.i and quick-l~olr data from I’icner!r Venus t.ngcthpr with icla .l:lt:~, wf” hnd

hopd to h? able to exrcute dl~cct.lonnl analyses qu?skl.y and with prm’lslun.

Unfortunately, we dlsco~crcd th{t, lSI?E-3 operat.tons did not includl’ nrt.!vr’

rnorltorjng of !.hv t,cl.emotry, nnd dnt.:1 wnrp nvnllirhln rout,inc]y orlly from

processrul rlnLu t:lpon, wIL1] d.-lnyn of SI.X Lo Plglil, wmk:l. Il:lt.:1 wOrI~ avnll:lllll’

morr qulf!kly, only upon fipf’fml~ic’ rqlmnt, through n pt’uuf’dll)’t’ whlrh rofllllr’r?tl
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TABLE 2

GAMMARAYBURSTS OBSERVEDBY LASL INSTRUMENTATION

Event

-1978-

05/2 1

09/14

09/le

09/21

10/19

11/04

11/15 .

11/19

11/21

11/24

12/13

-1979-

01/13

r)3/05

03/07

03/13

fl3/2’5

03/30

olI/06

04/18

01//1[)

06’13

06/20

PY

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

NELIOS, PROGNOZ, ANDSIGNE (VENERA) 11 AND 12 RESPONSES

IC

x
x
x

x
x
x
x

x

x

x
x

Y

HH P7

x

x

x x
x

x x
x x

x x
x %

x

x
x

Signe
11 12

x
x

x
x x
x x
x x

x
x

x
x x

x
x

x x

x
x x
x x

x x

5A 5B 6A

x

x

x

x

x

x

x

x

x

Y x

x x

x x

6B

x

x
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re-playing data logging tapes at the ogerationa center and including the

delays of transmitting data through the mails.

The availability of Pioneer Venus data also provided less tha optimum

conditions for rapid analysea and reporting. The computer based quick-look

system was not Implemented until orbital insertion on 1978 Dec. 4, and wag

supported only until 1979 Sept. 20. During the cruise phase of the migsion

previous to orbital insertion ?r?d presently we receive quick- ‘ook data throuqh

listings produced at the Pioneer Venus operations center lccated at the

NASA/Ames Research Center. Telephone notification of the event flag condition

is also prcvided. However, the current frequency of events triggered by solar

activity discourages attempts to expedite d~:a transmission thrcugh extra-

ordinary means.

Additionally, fully processed data have been made available or.ly since

June 1979. These data were required tc characterize the operation of the

Instrument, particularly to calibrate the clock and to establish the actual.

sensitivity at which the sensors arc operating. These data also providv full

C(’verage, Including sorer f“ients which were not recovr!reil throu~h tho

quick-look sysl.cm.

TI? all, we vere dis,,ppolnt,od by our lack of :1 cnpahility to renporl:l

rapidly to events. We ccmtinllo to bcllmve that such rapid respons~’ In .1

worthy goal, but achi~vlng Lhilt goal through Lhr prcncnt, techniques of

triangulation from wid(.iy npa~~d pliit.furrns w(I:ld rwqulro a gl’cnt.cr ~nommlt,ml!nt

on the par~ or tho~n renpon~!blc for program opvrnt.1.onn. I%?rhnpn :1 hlit. t.ur

technique. but one ruquiring a connldrr:lbly ~rc,~t+t’r lnvcntmont, in dovclopnfnt.

and ms~rum(’nt,at,lonl 1:! im;lgln~ t.h~ HOUIICI~ with ;1 nynl.t’m hnvln~ lnhnrvnt.

Jirectlonal rcnol’,lt!on.
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With fully processed data available, hwever, we are capable of contri-

buting toward the primary objectives of these instruments: the precise

determination of directions to gamma-ray burst sources. Approximately 20

events presenting a potential for reasonably precise locations have already

been identified with a number of additional candidatq~ as yet unverified.

Further, the inst~umenta contributing toward these measurements remain in good

health, and ❑ay be expected to continue to prcvide observations.

The ultimate precision in directional determinations will require cooperc-

til”e analyses of daba from all ❑embers of the array of gamma-ray burst ❑oni-

tors. The primary goal of this meeting is that of furthering such

cooperation. We hope that the interchange will promote that goal through

Irngroved ❑utual understanding ot the various instruments involved.
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! igure Captions

Fig. 1. The gamma-ray burst event of 76/12/20 as recorded by SOLRADllB.

Fig. 2. The configuration of the sensor of the ISEE-3 Solar X-Ray

Spectrometer/Gamma Burst Detector.
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